Osteoarthritis (OA) is a common condition, and knee OA affects an estimated 1 in 5 people older than 45 years of age in the United Kingdom. 2 Patients with OA experience pain, decreased mobility and function, muscle weakness, and deterioration in ability to accomplish activities of daily living. 25 Not only can OA cause a substantial loss in quality of life, but it also has a vast financial impact on the National Health Service (NHS). More than 8.75 million people 45 years of age and older (one-third of the UK population) have required treatment for OA. 1, 20 The prevalence of OA is expected to continue to rise with increasing life expectancies and increasing levels of risk factors such as obesity. 31 Pain is the main symptom associated with OA; nearly 80% of patients with arthritis experience pain most days, and 1 in 8 patients describe their pain as unbearable. 7 It has been found that depression is 4 times as common in patients with chronic pain compared with those who are pain-free; in keeping with this, around 20% of people with OA experience symptoms of depression and anxiety. 11, 22, 27 Treatment Options for Knee OA
The main goals of treating knee OA are improvement or maintenance of mobility and function, relief of pain and inflammation, and prevention of declining quality of life. Although treatment options for knee OA have been widely implemented and researched, the optimum treatment or combinations of treatment remain unclear. 25 The efficacy of total knee replacement (TKR) for improving pain and function has been proven. 23 However, surgery is not suitable for all candidates. This, in particular, applies to younger patients who lead more active lifestyles; younger people have a 5-fold increased risk that the replacement will wear out, and they are also more likely to require a revision surgery due to their longer life expectancy. 3 Furthermore, TKR may not be a long-lasting solution because repeat surgery may be required within 2 decades of life. 25 As such, it is crucial to optimize the available nonoperative managements options. Treatments are needed that can effectively relieve pain and improve function in order to delay surgery. 25 This was emphasized in the 2014 National Institute for Health and Care Excellence (NICE) guidelines, which highlight that OA treatment should take a holistic approach to management and include, at its simplest, patient education, physical activity, weight loss, and devices such as knee braces and walking aids. 26 
Current Evidence for Knee Braces
In 2017, Lee et al 21 conducted a literature review and analyzed 14 studies that compared offloading knee braces versus other forms of treatment. Offloading braces aim to unload the diseased compartment, whereas neutral braces and sleeves immobilize and stabilize the knee joint by providing tactile feedback from the skin. The former has been shown to be helpful for unicompartmental arthritis, with minor reductions in pain and increased function compared with controls. It was found that knee braces are a costeffective measure that can delay the need for surgery over an 8-year period and could potentially replace the need for surgery altogether. 21 Lee et al 21 also demonstrated that knee braces drastically affect a patient's quality of life and, as per NICE guidelines for management of knee OA, should be used in combination with other standard treatments. Certainly, although more research is needed to compare the efficacy of different types of knee braces, early data suggest that anti-inflammatory sleeve technology using materials such as germanium may also be beneficial in managing knee OA.
Germanium-Embedded Knee Sleeve
The Incrediwear Cred40 knee sleeve (Figure 1 ) is embedded with carbonized charcoal and germanium. Germanium is a nontoxic semiconductor metalloid located between tin and silicone in the periodic table. Since its discovery in 1886, germanium has been widely used in electronics and optics. 28 Semiconductors such as germanium differ from metals in that as the temperature of semiconductors increases, their resistance decreases. This is a result of germanium having more "free" electrons at certain temperatures, allowing for a higher conductivity. It is theorized that embedding germanium into cotton garments is an effective way to use the transdermal effect to create a micro electromagnetic field, leading to increased circulation and affecting the inflammatory process. 20 Previous low-level observational studies have suggested that germaniuminfused garments may provide improved clinical outcomes in osteoarthritis. Germanium-embedded (GE) knee sleeves embrace this fabric technology.
Aims of this Study
This is a service evaluation study that aims to assess the clinical outcomes of GE knee sleeves for patients with knee OA using a variety of patient-reported outcome measures (PROMs).
METHODS
This project is a service evaluation, via a cohort study, of the management of knee OA undertaken at a hospital in the United Kingdom. Quantitative methods via questionnaire were used for data collection as standard practice in keeping with current clinical practice. The questionnaire included the following scoring systems related to evaluating the knee: University of California, Los Angeles (UCLA) activity score, which measures current activity level 30 ; Lysholm score, which measures ability to manage in everyday life 19 ; visual analog scale (VAS) score, which measures the amount of pain felt over the past 24 hours 13 ; and Oxford Knee Score (OKS), which measures function and pain. 10 In addition, a subjective semistructured interview was conducted during follow-up visits to determine whether patients were happy with the sleeve, whether any adverse effects had occurred, and whether patients had been wearing the sleeve all the time as advised. Ethical approval was obtained for this study.
Participants and Recruitment
The study included both male and female patients who had been prescribed a GE knee sleeve following consultation in an orthopaedic clinic and radiographic assessment between January and March of 2018. Radiographic features of OA, as characterized by the Kellgren-Lawrence (KL) system, must have been present and the patient must have had knee pain for at least 6 months. 18 To be considered for inclusion, the patient must have opted for nonsurgical interventions for managing his or her knee OA. Excluded were patients who opted for surgery or who had no OA changes on knee radiographs or magnetic resonance imaging scans. All participants were given the same model of knee sleeve, varying in sizes (M to XXL) as required. Patient care was in no way altered due to the conduct of this study. No patients involved in this study received additional management of physical therapy or injection therapy. All participants were fully informed about what the study involved and were told that their care would not be affected if they declined to be involved. In addition, all participants provided written informed consent.
Data Collection
The same questionnaire was given to patients when they were first given the knee sleeve (ie, at baseline) and every month thereafter for 6 months. Patients were instructed to wear the sleeve at all times. Data collection was completed by September 2018.
Data Analysis
Variance in the results of continuous data during the 6 months was analyzed by use of repeated-measures analysis of variance for continuous data and chi-square test for nominal categorical data. SPSS version 23.0 (IBM) was used to analyze the data. Statistical significance was set at P < .05. The data were independently analyzed by 2 members of the research team (K.M., P.L.) to reduce potential error and bias.
Where appropriate, data were divided into group A and group B for analysis of subgroups. Group A represented patients with grade 1 or grade 2 OA as per the KL system. Similarly, group B represented patients with grade 3 or grade 4 OA. Participants who withdrew from the study at any point during the 6-month period were excluded from data analysis.
During each follow-up appointment, patients were asked whether they had experienced any adverse events.
Potential adverse events were listed as skin complications, infection, change of treatment (such as the need for surgery or injections), decreased range of movement, and other.
RESULTS

Demographic Information
We recruited 50 individuals for this service evaluation. Of these, 4 participants were excluded due to pain and were converted to surgical management. This resulted in a final response rate of 94%. The mean patient age was 62 years in both group A and group B (Table 1) . Tables 2 and 3 provide the mean or median result for each parameter at baseline, 2 months, 4 months, and 6 months for groups A and B, respectively. The same data are presented in Figure 2 . Appendix Table A1 provides results for every month of the study as well as P values for the differences between baseline and 6 months.
UCLA Score
No change was found in the median UCLA score between baseline and 6 months for either group. Group A had a median of 5 every month; throughout the 6 months, group A had a higher median than group B, whose median was 4. No statistically significant difference in UCLA score was found during the 6-month period for either group.
Lysholm Score
Group A had a 17.2-point increase (41%) in mean Lysholm score from baseline to 6 months. This difference was statistically significant (P ¼ 4.2 Â 10 -11 ). Group B had a 4.1-point increase (11%) in mean Lysholm score from baseline to 6 months. No statistically significant difference in results was found between baseline and 6 months.
VAS Score
A decrease in VAS score of 4.1 was found in group A, equating to a 51% reduction in score. A statistically significant difference was found between the baseline score and every time the scores were retaken, including between baseline and 6 months (P ¼ 7.7 Â 10 -12 ). In group B, the VAS score decreased by 0.34, which was a 4% decrease. No statistically significant difference was found in group B.
Oxford Knee Score
In group A, an increase of 14.0 (63%) was found for the OKS. A statistically significant difference was found in results between baseline and every time thereafter that the Values are expressed as means for all scores except the UCLA score, where median is used because the data are categorical. UCLA, University of California, Los Angeles; VAS, visual analog scale. b A significant difference (P < .05) was found between the score at baseline compared with 6 months. Values are expressed as means for all scores except the UCLA score, where median is used because the data are categorical. UCLA, University of California, Los Angeles; VAS, visual analog scale. No significant difference (P < .05) was found between the scores at baseline compared with 6 months for any of the scoring systems. score was retaken, including between baseline and 6 months (P ¼ 5.8 Â 10 -7 ). For group B, an increase of 2.8 (13%) was found for the OKS, and no statistically significant difference was found between baseline and 6 months.
Complications
A total of 3 patients reported skin irritation, which resolved with a simple skin ointment. A further 5 patients reported that the knee sleeve became loose after 2 months of use, which could potentially be due to reduced inflammation around the knee. A common issue was the sleeve becoming loose after being washed. To reduce this, it is recommended that the sleeve be machine dried to help maintain its shape. No infection, deep vein thrombosis, or circulation problems were reported.
DISCUSSION
This project evaluated the use of GE knee sleeves as a nonoperative management option in patients with OA who had opted out of surgery. Specifically, we assessed the difference that the knee sleeve makes to patients with milder OA (KL grades 1 and 2) compared with patients who have more severe OA (KL grades 3 and 4). A variety of PROMs were used to collect the data. To the best of our knowledge, this is the first study to examine the use of GE knee sleeves in patients with knee OA. This study found that over 6 months of using the GE knee sleeves, patients with low-grade OA had a mean increase of 14 points in the OKS. Previous studies found that the minimum clinically important difference (MCID) value for the OKS ranged from 5 to 9. 4, 6, 15 Although these studies focused on patients who had undergone knee replacement rather than patients who used a knee sleeve, it can be deduced that our results likely found a clinically significant improvement in OKS, and therefore a clinically significant improvement in pain and function, in patients with low-grade OA. We found a 4.1-point reduction (51%) in VAS pain score in patients with low-grade OA. Previous studies have found the MCID for VAS to range from 2.1 to 2.3, meaning that a clinically significant reduction in VAS score, and therefore pain, was found in patients with low-grade OA. 9, 17 In addition, the MCID for the Lysholm score has been reported as 10.1, meaning that this study also found a clinically significant different in Lysholm score in patients with low-grade OA, with a mean difference of 17.2 reported. 16 The main goal of nonoperative management of knee OA is to reduce pain and improve function and quality of life. 29 A recent literature review found that the current research demonstrates the effectiveness of knee braces as a treatment for knee OA; however, most studies assessed patients over a short period (6 months). 24 The literature review also noted that the use of knee braces is surprisingly low given that they are part of the NICE guidelines for recommended management of knee OA. 24, 26 Although previous studies have questioned the effectiveness of knee braces in the treatment of OA, the findings of the current study support their use, particularly in patients with low-grade OA. 8, 12 Most Effective in Low-Grade OA A pattern emerged from the data demonstrating that GE knee sleeves gave better outcomes for patients with grades 1 and 2 OA compared with patients who had more advanced disease. Our study is not the first to find this trend. 29 It can be inferred from our findings that the GE knee sleeve is an effective treatment option in patients with low-grade disease. The knee sleeve can be viewed either as a way of allowing these patients to manage their OA by controlling their symptoms until a time when the pain or changes in function become so extreme that surgery is necessary or as a way of potentially avoiding the need for surgery altogether. 21 As stated above, this study found clinically significant improvements in OKS, VAS, and Lysholm scores for patients with low-grade OA. In contrast, participants with more severe OA did not achieve a significant improvement in symptoms with the knee sleeve, and there was potentially still evidence of disease progression.
High Compliance Rate
The dropout rate of this study was very low (8%) compared with other studies involving knee braces. 5, 14 This dropout rate suggests that the GE knee sleeve is a treatment option to which most patients will adhere, and the low number of complications highlights that the GE knee sleeve is a safe treatment method. As previously suggested by Lee et al, 21 the current study included regular follow-up appointments to monitor for any complications, to check whether patients were fitting the sleeve correctly, and to correct problems with fitting in order to avoid soft tissue injuries and increase chances of successful treatment. However, given that this knee sleeve is easy to use and less bulky than the one used in the Lee et al 21 study, follow-up may not be needed as often as every month, which would save time and money.
Recommendations for Future Research
In keeping with results of previous studies, our findings support the use of a knee sleeve for short-term use in knee OA; however, more research looking into the long-term outcomes of knee sleeves is required. 24 It would be of interest to compare the use of the GE knee sleeve with other knee sleeves or braces used in nonoperative treatment of OA. We also recommend further research to compare the outcomes of patients who use GE knee sleeves versus those patients who undergo surgery.
Strengths and Limitations
Limitations of the study include the nonrandomized study design, the small sample size, the potential for recall bias, and the possibility that patients did not comply fully. In addition, the lack of a control group makes it difficult to judge the extent to which a placebo effect contributed to the result. The strengths of the study are the regular patient follow-up and the low dropout rate.
CONCLUSION
In the United Kingdom, knee OA continues to be a leading cause of morbidity and cost to the health service, and the clinical and economic burden of OA is predicted to increase. Optimization of current nonoperative management is important in improving quality of life and delaying the need for surgical intervention. This is the first study to assess the outcomes of GE knee sleeves in patients with knee OA. Our results confirm that GE knee sleeves could play an important role in managing patients with knee OA, as demonstrated by the clinically significant improvements in OKS, VAS, and Lysholm scores. Scores are given for group A and group B at baseline and every month thereafter up until 6 months. Values are expressed as means for all scores except the UCLA score, where median is used because the data are categorical. The difference in scores between baseline and 6 months is given, as is the P value for comparison between results at baseline and 6 months. UCLA, University of California, Los Angeles; VAS, visual analog scale. b P < .05.
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